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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

TESTS OF IMPROVEMENTS IN EXHAUST-VALVE PERFORMANCE RESULTING

FROM CHAKGES IN EXHAUST-VALVE AND PORT DESIGN

By B. A. Mulcahy andi M. A. Zipkin

SUMMARY

Single~cylinder englne tests were rmm to determine the worth
of several changes in exhaust-valve and port dosign as means of
extending the useful life of sodium-cooled poppet valves used in
alr-cooled alrcraft cnglnes. The only changes made were ones which
could be made without requiring changes 1n other parts of the cyl-
indor and consisted in changes in thy valve-head dlameter, the
valve-stem diameter, the valve coolant-flow area, thy valve~-head
material, and the size of the exhaust-valve gulde boss.

It was found that thu operwting temperuture of the exhaust-
valve 1s influsenced considerably by the dosign of the wvalve and of
the guide boss; at one sot of engino condltions the valvo tumperature
of the best valvo and purt comblnation tosted wes approximately
290° F lower thun the valve temperature of the stundard valve and
nort design.

Valvo corrosion was found to be influenced by valve material
and valve temperature. In the range of temperatures oncountered in
normel engine operation, valve material is probably the more impor-
tent factor; in one test a valve with & Rlchrome-coated crown lost
only 12 percent as much welght as s valve with a crown of AMS 5700.

INTRODUCTION

The oxhaust valves currently used in alr-cooled aviatlon
ongines have performed well at the power levels for which they were
designed, but the presvnt trend toward higher powor ratings for
millitary englnes involves a severc test of thelr strongth and
durability (reforence 1). The value of meinteining a low operating
temperature of the exhaust velve is generally rocognized (refer-
onoce 2), inasmuch as oxcessively high operating temperatures lcad
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to fallure of the wvalve through corroslon and collapse of the
valve crown and burning and guttering of the seating face of the
valve. (See references 3 and 4.)

A research program has been undertaken by the NACA to investi-
gate tho possibility of extending the useful range of sodium-cooled
poppet valves by (1) lowering the tempsrature at which they operate
through slight chonges in exhaust-volve and port design, (2) coating
the valves with corrosicn-resistent material, and (3) reducing valve
corroslon by increasing the concentration of ethylene dlbromide in
loeded fuels. The results cf mathods (1) and (2) are reported herein
aud the results of metuaod (3) have been reported in reference 5.

Single-~cylindsr enginc tests ware made to determine the diifer-
ences in the operatirg temperatures of six exhaust valves of similar
trpe but having dimenslonal differences in the dlametor of the head,
the oxtornal dlametsr of the stem, and the minimum internal diameter
of the stem. Teste were also conducted on cylinders having exhaust-
velve-~guide borsos lrrgor than that of the standard cylinder. A
larger guide boss was deosired because it would permit the use of a
valve with a larger stem aud would be a direct means of providing
moye effectlive cooling of the vaive. Any increase in tke external
diamcter of the valve stem would be restricted by tke size of the
gulde boes. Bench and engine tests were mede to determine the
offect on vclumetric efficlency of an increase in the slze of the
gulde boes. Althcuegl 1t 13 rocognlzed that heat remcved from the
exhaust valve thrcuvgh the acat has an offect on valve temperature,
no tests were made to oveluste or increase the amount of heat removed
in this maconer.

The teets were ccnducted at the Cleveland luaboratory of the NACA
during 1943 and 1944%.

APPARATUS

The operatling temperaturss were measured by a thermocouple
installation slmilar to that described in reference 6 except that
in place of chromel-ulumel wires the thermocouple Jurnction consisted
of a constantan wirs and the valve motal. The meticd of lnstelling
the "one-wire" thermocouple 1s shewn in figure 1. The results of
bench tasts indicate that the tarallel paths thrcugh (1) the tubing
which houses the ccnstantan wire and (2) the valve seet, cylinder
head, and velve guide had no offoct on ths calibraticn cf the
thermccouple. The thermoccuple was calfbrated by measuring tho
electromotive force developed by it when the valve crown was heatad
in a furnaece to various temperaturss. The temporsture of the valve
crown during the calibration was meesured by an iron-constantan
thermocouple attached to its outside surface.
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A production air-cnoled cylinder wuas cdhomen es the type to be
used :.n all tests. scme cylinders were modified to allow installa-
tion of Bpeojal valves or to perm;t investigation of thv effect on
valve tempsrature of exheust port modification. The exhaust velve
ordinarily used with the cylinder was teken as the standard of comper-
ison ard modifications wore made to it., The descriptive titles, the
principal dimensinnal and material d:fferences, and the nmumbur of the
figure showing ths croes section of the various valves tested are
glven 1n the following table:

| Stem |Throat|{Head
Valve Valve-crown Jdiam-{diam.- |diam-|Figure

coating otuor |eter |eter

_______ . (un.) (:Ln.)dL(_m.)
Small -crown None (AMS 57:30)}0.6R2{0.321 |2.5%3| 2
Standard llone (AMS 57CG0)| .682f .283 {3.045! 3
Nichrome--coated!8AMS 5682 .682] .283 13.045| 4
Welded crown None (4MS S3R2)| .68z .422 [3.045; 5
Large-stom ANMS 5882 .965] 680 |3.045] €
tReamed-throat |None (AMS 5700)} .68z .423 [3.045| 7

8iMS 56582 18 alsc roferred to as Nichrome.
b4 gtandard oxhaust valve that had boen altered by reaming
the throat to a dlametor of 0.423 inch.

Tho cylinder in which the small-crown valve was tosted was
altered by instelling an exhaust-valve geat that had the inturnal
dimensions of ths seat usually uscd with this valve and the cxtérnal
dumensions of tho seat used in the cylindvr. Thoe only cother altera-
tion to the cylinder assembly ccnsisted in shortening the push rcd
to compensate fcr the greater length of tho valve and onlarging the
hole in the rocksr box to ovrovide side clearance for the push rod.

In order to provide a flcw path of greater arsa for tho heat
leaving the valve through the guide bess, one cylinder was alterod
by welding aluminum onto the boss. Tho amount of onlewgement was
arbitrarily selectud, hut ccnsidosrable oxverimentation was dono in
sulecting tho shape for the boss. (See reference 7.) The solouction
was made by measuring the steady flow obtalnable through the pcrt
at various valve lifts and changing the shape of the boss by means
of modeling clay until the optimum was secured. Tho shape thus
solected was reproduced in aluminum; figuro 8 shows a gcmparison of
the original and the alterod shagos of tho guido boss.
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Two cyllnders were altered by enlarging the gulde boss only
enough to permit installation of the large valve guide required for
operation of the laigse -stem valve. No attempt was made to obtain
maximwm heat condvctivity with these cylinders; they will be
referred to as having "medium" guide bosses.

TEST PROCEDURE

Valve-temperature messurementa. - Measuremerits were made of
the operating temmerature «f & valve of each tyre except the welded
crown., Because 1t was belleved that the Nichrome head of thls valve
would introduce an sxrror into the roading of the thermocouple, its
operating temperature wes arprcximated by measuring that of the
reamed-throat valve.

The operating tomperaturcs of the varlous valves werv comnared
from measurements made while the englne was operated over a range
of power at the fullowlng oengine conditions:

Enginaspeedrpm......................2?.00
Fael-alr ratio . . . e v i s e e s e s « .« 0.099
Combustion-air tampera.ttu‘e OF L e 180
Spark advance, degrees B.T.C. . . . . e e « « . « 22.5
Prossure drop of cnilng alr, inches wutor i £

Velve corrcsion. - The tests to determinc the relatlve corm. -
sion resistance of Gthe various valves c.nalsted in neasuring the
welght loss sustained by an unuscsd valve o euch type during

25 hours of operation at the {ollowing englne conditlone:

Engline speed, 2pm . . . . o« s e e e e « v o« o« . 2000
Indicated mean effective prcsaure, pounds ner squa.ru meh . . 2%5
Fuel-alr ratlio . . . e e
Spa.rka.dva.nce,degreesBTC .o e v e o s 4 « « . o 22.5
Temperature of roar spark-piug busbing, op . . . .. . ... 450

The fuel vsed wes AN-F-28, Amondmcont--2.

After tho tests the valves were oloctrolytlicully cleaned by
the mothod describud ln refuronce 8. The differuncu In weight of
the valve 1n the unused condltion and af'ter tvsting and cleaning was
takon as thu woight loss during the tost.

Volumetric oi'ficiency. -~ Calculetions of volumetrio officlonoy
obtainablo with tho different valves wore made from data obteined
during tho tests 1n which power output was varied and valve-
temperature measurements were made.
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RESULTS AND DISCUSSION

© Valve-temperature measurcments. - Figure 9 prosents a compar-
lson of the valve operating tumperatures over a range of power for
the various exhaust valve and port combinatlons tested. The
operating temperature of each valve at 130 indicated horsepower
end the difference between 1ts temperature and the valve tempera-
ture of the standsrd ocombination is llsted in the followlng table:

Operating | Tmprovement

Valve-gulde boss|tempera- |over stand-

Valve of cylinder ture at |ard combin-

130 1hp |atlon

(°r) (“r)
Small-crown Standard 1192 ~57
Standard Standard 1135 0
Reamed ~throat Standard 1065 70
Standard Large 1058 17
Reamsed -throat Large 997 .38
Large-stem Medium 935 200
Largn-stem Large 847 288

Inspectlon or these data leads to the followlng observaeticns:

1. Reducling the size of the valve crown ralsed the ovperating
temperature of theo valve.

2. Inlarging the passage connechtiny the 7alve head and the
valve stem rediced tho operating temperuture of the valve.

3. Increasing the size of tho gulde boss reduced the operating
temperature of the valve.

4. Increasing the slze of the valve gtom reducosd the operating
temperature of the valve.

5. Improvemenis In valve design snd 1n guide-boss and cylinder-
head design are cumulatlve in their effect on the operating temper-
ature of the valve.

6. The best cumbinatlon tested guve a reduction in operaling
temperature of the valve of 288° F over the staondard combination.

Paradoxically, the more effectivoly a valve 18 cooled, the
lower will be 1ts tomperature at iis vxpoctod fallure point; this
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seemlng inconslstency msay be explained by the fact that for a glven
valve temperature the more effectively cocled valve would be
operating at a higher engine power than would a leas effectively
cooled valve.

In order to compare the llkely rate of collapse for two valves
of difforent cooling cheractoristics, an epproximation 1s possible
by a cut-und-try method. A polnt 1s arbitrarily selected from the
temperaturo-power curve (fig. 9) of the valve which has the higher
operating temperature. Another polnt of higher power but lower
temperature 1s then selected from the temperature-power curve of
the more effectively cuoled valve. From figure 10 (plotted from
data presonted 1n reference 9) values of stress for the same rate of
deformutlon at the two temperatures thus selected can be obtalnoed.
If the ratilo of the allowable stresses determined 1s the same as the
ratio of the nower levels at the points selected, the valves should
have the same rate of collepse. If the ratios are not the same, &
different polnt on the temperature-pcwer ocurve of the more effec-
tively cooled valve is eeliected and the process repeated until an
equality 1a obtalned. This analysis assumes that thLe crowns are of
the same material anrd thickness; if different materlals are used
it becomes necessary to have a temperatvre-streass curve similar to
figure 10 for each matorial.

A calculation of this type has been made for eech valve tested
1in order to compere 1ts probable performance with that of the
standard velve operated at 60 indicated horsepover, an engine speed
of 2200 rpm, and a fuel-air ratio of 0.099. The following table
lists the power at which it 1is estimated that all the valves would
have the same rate of ccllarse 1t operated at this speed and fuel-alr
ratlo.

Egtlmated
Valve Guide bcss |percentage
of cylinder|of power

allowable
Smell--crown lStandard 80
Standerd | Standard 190
Roeamed -throat| Standard ! 120
Stonderd Large 121
Roeumod -throat| Large 149
Large-stem Medium 164
Largoe-stem Large 213
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Valve corrosion. - The tests in which valve corrosion was
measured are ln general agreemsnt wlith the data presented 1n fig-
ure 11, which ‘has Been rejroduced from reference 1. Figure 1l
shows that above a critlicel temperature the rate of lead corrosion
beoomes greater and that the oritical temperature varies conslderably
with different materials. The range of temperature covered in the
valve-corrosion tests is insufficlent to determine the critical
temperatures, but the difference in slope of the curves may be seen
in figure 12, which is plotted from the corrosion data presented 1ln
the following table:

Estimated

Valve-crown |Length |Welght loss of valve|operating

Valve coating of test|(grems/|(percentags |tempera-

(br) | hr)  |of standard)|ture
(°r)
Small-crown |Nune (AMS 5700) 9% 0.798 275 1240
Standard None (AMS 5700)1 25 .290 100 1180
Nichrome- AMS 5682 25 .035 12.1 1180
coated

Welded-crown|None (AMS 5682) 25 .026 9.0 1110
Large-stem |AMS 5682 25 013 4.5 980

The date indicate that the operating tempoeratures of the valves
tested werc below the critical temperature of the Nichrome but above
that of AMS 5700. However, reducing the opera.ting tomperature of a
Nichrome-coated valve is also desirable. The 200 F reduction in
operating tempurature caused the welght loss of the large-stem
valve to be only 37 percent of that of the Nichrome-coated valve.

Volumetric efficiency. -~ Some of the data taken during the
measurement of valve temperatures over & range of power have besn
used as an indication of the volumetric efficlency obtainable with
the various valve and boss combinations. Figure 13 shows the mani-
fold pressure required at various levels of power by each of the
different combinations. Comparison of the menifold pressure
required by each combination to that required by the standard valve
in the standard boss leads to the followlng generalizations: The
standard velve in the large boss and the large-stem velve 1in the
medium boss required approximately the seme manifold pressure as the
standerd valve in the standard boss, whereas the large-stem valve in
the large boss and the small-crown vaelve in the standard boss required
& manifold pressure approximately 3 percent higher.
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SUMMARY OF RESULTS

Tests in which the effects of changes in exhaust-valve and
port design were Ilnvestigeted gave the following results:

1. The operating temperature of the valve was ralsed 571° F by
roducing the diameter of the valve crown. (The design of tho seat,
however, was changed.) It was reduced 70° by lncreasing the size
of the throat, 77° F by tho use of a large guide boss, and 211° F
by increasing the size of the valve stem (as lndicated by comparison
of the operating temperature of the standard valve in the large boss
with that of the large veolve in the large boss).

2. Valve corroslon wes reducod 88 percent by the use of Nichrome
coating on the head, and with Nichrome-coated valves was further
reduced 63 porcent by lowering the operating temperature of the valve
200° F.

3. In comparicon with the gtandard valve and port combination
volumetric effliclency was unimpaired by the use of the large boss,
or by the usev o a large-stem valve In a modium boss. Approximatoly
3 percent highor manifold pressure was requlred when a large-stem
valve was operated in a large boss and when & small-crown valve was
operated in g standard hoss.

CONCLUSIONS

1. Exhaust-valve temperature can be greatly Iinfluenced by
exhaust~-valvo design and exhaust-port deoslgn; therefore in both
deslgns an effort should be made to provide a path of low thermal
reslstanco for the hoat leaving the valvs.

2. The amount of valve corrosion can be roduced by lowerlng the
operating tempsrature of the valve and by the use of a corrosion-
registant crown or crown coating. Thu composition of the valve crown
matorlgl is probably the more lmportant of the factors.

Aircraft Engine Research Laboratory,
National Advisory Committeo for Asronautics,
Clevoland, Ohio.
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